Introduction
Bovine spongiform encephalopathy (BSE) is a neuro-degenerative disorder which belongs to a family of diseases called transmissible spongiform encephalopathies (TSEs) (16) . It mainly affects cattle, although natural infections have also been identified in captive wild ungulates and felines, as well as domestic cats (14) . Two cases have been confirmed in goats (4, 7) . Since its first identification in 1986 in the United Kingdom (UK), approximately 190,000 cases of BSE have been reported worldwide (20) . The recognition in 1996 of a probable link between BSE in cattle and variant Creutzfeldt-Jakob Disease (v-CJD) in humans alerted the world to the potential public health implications of the disease (17) . A national surveillance programme for BSE was initiated in the Republic of Korea (ROK), based upon histopathological examination of the brains of suspected bovine cases. The designation of BSE as a notifiable disease provided a legal base for further surveillance. The chronology of key developments in the ROK surveillance programme is summarised in Table I (9, 12 ).
An application was made to the World Organisation for Animal Health (OIE) in 2007 for recognition of the country' s BSE disease status, in accordance with the scientific model for the evaluation of BSE surveillance systems (BSurvE), as adopted by the OIE (13, 19) . At the time of submission to the OIE, the ROK had not yet attained the target of 300,000 points required under Type A surveillance (point values are assigned to surveillance samples according to the likelihood of detecting infection based on the subpopulation from which the sample was collected and the age of the animal sampled). Furthermore, gaps in the data on the potential for importation of BSE in contaminated commodities and the need for a review of internal control measures meant that the surveillance points acquired at the time were insufficient to allow BSE December 2008. In the absence of documentation that gave an accurate indication of age when cattle were presented for slaughter or examination, alternative administrative approaches were adopted, in addition to dental checks. Although these approaches were recognised as not being able to accurately determine age, they did increase confidence in the estimated age distribution of the animals being tested.
Estimates of high-risk populations
In general, the highest risk categories and preferred targets for BSE surveillance are adult cattle that show clinical signs involving the central nervous system, and dead and nonambulatory cattle with clinical signs that cannot be adequately evaluated. Since accurate data were not available for the number of casualty-slaughter and fallen stock in the country, the respective populations were roughly estimated, to establish a strategy to improve BSE surveillance.
risk within the ROK to be categorised. In response, the OIE emphasised the importance of supporting applications with appropriate surveillance data, and requested that a total of at least 300,000 OIE points be achieved before reapplication. As a result, an enhanced BSE surveillance programme was designed and implemented from July 2008. In this paper, the main components of the enhanced surveillance programme are fully described and discussed.
Materials and methods

Cattle population structure
From 2003 to September 2009, Korean native cattle and non-indigenous beef cattle represented 75% (range: 66% to 81%) of the total cattle population, while 25% (range: 19% to 34%) were dairy cattle (11) . This small proportion of dairy cattle in the national herd is because dairy products are not popular in the traditional Korean diet. While adult cattle populations were much smaller in the cities than in provinces, the proportion of dairy cattle was greater. The average size of the adult cattle population (over 24 months of age) for the (almost) seven-year period between 2003 and 2009 was 1,086,354 (range: 863,233 to 1,340,614) ( Table II) . The number of beef cattle doubled from 2003 to 2008. This was a direct result of prohibitions on the importation of beef from Canada and the United States (USA) in May and December of 2003, respectively, due to the diagnosis of indigenous BSE in each country. This resulted in an increased internal demand for domestically produced beef, and the industry grasped the commercial opportunities offered (10) .
Assessment of ages sampled
Regulations that required the ability to identify individual cattle, in particular their ages, came into effect on 22 
Enhanced bovine spongiform encephalopathy surveillance programme
The BSE surveillance programme involved the establishment of national annual targets for OIE points, which were announced early each year. The TSE National Reference Laboratory (NRL), Animal, Plant and Fisheries Quarantine and Inspection Agency (QIA), subsequently ordered the initiation of an 'Annual TSE Surveillance Programme' in 16 cities and/or provinces. Detailed instructions, including OIE points targets, were assigned to each city and/or province, by targeted population, and included details of the approved sampling methods, and, From 1996 to 2007, before the enhancement of the surveillance programme, the number of samples assigned to each city/province was in proportion to the size of the local adult cattle population and/or the slaughter output.
Specific actions taken during enhanced surveillance
From 15 May 2008, all non-ambulatory cattle arriving at an abattoir were compulsorily sampled and tested for BSE, and the carcasses were held, along with their by-products, until a negative result was obtained. Brain-stem samples were transported to the nearest BSL III laboratory to be screened for BSE.
In addition, members of the Mutual Aid Insurance Scheme were encouraged to submit all dead bovines that had been examined and recorded under the scheme for BSE testing. In addition, all clinical suspected cases identified on the farm by animal health investigators from the Livestock Health Control Association, and subsequently examined by veterinarians, were purchased at 50% of their market price and culled on the farm, while specified tissues, including the brain-stem, were submitted to the NRL. Financial incentives were offered to encourage the reporting and submission of clinical suspects. The brainstem was tested for BSE by the NRL, while a differential diagnosis was conducted by the Animal Disease Diagnostic Division. The results of the differential diagnoses will be published elsewhere in detail. (Table IV) .
Estimating the size of the casualty-slaughter population, which was easily detectable at abattoirs, offered scope for improving the value of surveillance testing, especially where these animals exhibited signs that were consistent with being classified as clinical suspects (Table III) . Consequently, together with significant improvements in the reporting of clinical suspects on the farm, a total of (Table VI) .
These were the areas with the largest adult cattle populations, with the exception of Gangwon-do, which Table V .
Discussion
Bovine spongiform encephalopathy presents many challenges to the establishment of rigorous and transparent surveillance systems in all countries, as well as to the determination of BSE risk. Before surveillance programmes in the European Union (EU) were greatly expanded in 2001, estimating BSE risk required surveillance data on clinical suspects, as well as the gathering of a large amount of historical data about statutory controls and industrial practices (waste disposal arrangements, feeding practices, importation policies for cattle and bovine-derived products) (5). Where such information did not exist, or had not routinely been collected, it could not be gathered retrospectively.
The development of rapid tests and their use in targeted surveillance programmes (2, 3) greatly improved the ability to identify BSE cases and establish more robust estimates of the prevalence of infection. This development occurred at a time of high public and political concern about BSE, as the world began to recognise the risk associated with consuming tissues from infected animals (17) . The result was the establishment of massive surveillance programmes that were based primarily on age, and which targeted healthy cattle as well as clinical suspects, fallen animals and casualties (6, 21) . Such programmes satisfied public demand in countries where BSE had been detected, but were complex and expensive to deliver.
The data that came out of the EU surveillance enabled the development of a scientific model (BSurvE) to assist in the establishment and evaluation of surveillance programmes.
In particular, this model took into account the differing likelihood of detecting BSE cases within various exit streams. As diagnosis was only possible after death (18) , the routes by which cattle left their farm of origin became potential surveillance streams, each presenting distinct opportunities and challenges. Clinical suspects offered the greatest likelihood of detection, followed by casualty cattle, fallen animals and, finally, healthy cattle slaughtered for human consumption. As highlighted in the scientific evidence that underpins current surveillance programmes and the present scoring system, the likelihood of detection also varied with age, being highest in mature animals that were closer to the onset of clinical disease. The BSurvE model enabled a point score to be attributed to individual animals in accordance with the surveillance stream in which they were tested. Over a period of years, these accumulated points gave a valuable indication of the likely prevalence within the national herd.
Such a flexible approach inevitably presented difficulties in obtaining international agreement for its use in underpinning international trading standards. The outcome was the acceptance of a modified, one-size-fits-all model that is the current OIE standard. This standard recognises that compromises have been made, but ensures transparency, so that all countries appreciate what is required of them and of their trading partners. The OIE accepts that the points acquired remain valid only for a period of seven years, and it is the accumulated score over that length of time that is the target. Furthermore, different target prevalences were built into programmes for countries categorised as being of negligible or controlled risk. These targets recognise that the size of the programme should be proportionate to the risk, as agreed by third-party review.
It was in this context that the enhanced surveillance programme in the ROK was established in July 2008, with the aim of testing as many animals as possible within the high-risk populations. Two particular challenges were faced by the ROK. The first was the absence of any centralised mechanism for disposing of fallen stock from farms, which had assisted considerably when establishing surveillance for that particular exit stream in Europe (2, 3) . This resulted in a disappointing deficit in the numbers of fallen stock sampled, despite the requirements for submitting cattle carcasses included in the Mutual Aid Insurance Scheme from 2004, and the assignment of specific targets for individual cities and/or provinces. Submission rates did improve, but the totals reported were still low, relative to the estimated population of adult fallen stock of 140,000. Although it is possible that this figure represented an overestimate of the target population, it is also known that farmer/industry resistance was a key issue in preventing the reporting of potential surveillance targets.
Secondly, the absence of historical requirements to identify cattle individually meant that determining the age of adult cattle at the time of sampling, since they had inevitably been born before the regulations were strengthened, could only be approximate. It involved a range of administrative approaches, including the inspection of documentation submitted by owners when cattle were sent to slaughter, and examining the animal' s teeth to try to ensure that sampled animals were more than 30 months of age. On the farm, veterinarians relied on a combined approach of farmer interrogation, dentition checks and, where available, the examination of supporting documentation, such as purchase, artificial insemination or calving records. Documentation was normally available for approximately 50% of the cattle sampled. Herd sizes in the ROK are small, with the vast majority comprising fewer than 50 animals (range: 91.57% to 95.18% from 2003, up to and including September 2009) (11) . It was thought, however, that, in the absence of documentary evidence, farmers' recollections of the ages of their animals were more likely to be accurate in such small herds.
With respect to casualty animals detected at abattoirs, the numbers tested during the enhanced surveillance programme ( The OIE guidelines acknowledge that not all surveillance streams are accessible for sampling in all countries. Improving the capture of clinical suspects in the surveillance programme, supported by veterinary reports and photographic evidence, provides more confidence in the categorisation of animals that have been tested. This also avoids any suspicion of inappropriate distortion of the surveillance data to increase the accumulation of points. In addition, it enables the evaluation of raw data by a third party, such as the OIE. The data presented in Table V represent an adjustment in the categorisation of cattle, based upon advice from the OIE after its evaluation of the ROK dossier. Animals which would probably once have been considered as clinical suspects were now assigned to the emergency slaughter surveillance stream. This change resulted in a reduction in the overall points score of 110,220.
Fears that the rules adopted to identify clinical suspects would eventually skew the data used for risk assessment proved to be unfounded. While, in 2007, the number of clinical cases detected at abattoirs far exceeded those reported on the farm (75:16), in 2008 these figures increased in both categories (132:160), until, in 2009, the vast majority were being detected on the farm (7:365). This indicates increased responsiveness of the farming industry to the demands of the surveillance programme ( Table V) .
Given that the majority of cattle sampled were born before the introduction of legislative controls on identification, it became necessary to estimate their age at sampling by the methods described above. A summary of estimated ages for the individual sampling streams is provided in Table VII . While the four-to-six-year-old category was the largest, the number sampled in younger age groups was greater than would generally be desirable. However, the OIE points allocation system takes this into account, ensuring that the points allocated are appropriate to the age structure of the animals being sampled. 
Conclusion
The South Korean experience highlights the difficulties of establishing surveillance for BSE in any country, but particularly so in one with a relatively small cattle population where indigenous BSE has not previously been confirmed. Such confirmation inevitably affects all financial and logistic challenges faced when establishing a surveillance programme.
Nevertheless, the eventual outcome confirmed the scope for a flexible approach to surveillance, which has been built into the current OIE guidelines, as well as promoting confidence in the BSurvE model, which allows deficiencies in one or more surveillance streams to be compensated for by enhancing testing elsewhere. Resumen En 1996 se puso en marcha la vigilancia a escala nacional de la encefalopatía espongiforme bovina (EEB) en la República de Corea. Con el tiempo se fueron ajustando los programas de vigilancia para que cumplieran las directrices de la Organización Mundial de Sanidad Animal (OIE). La encefalopatía espongiforme bovina fue declarada enfermedad de notificación obligatoria en 1997. A partir de julio de 2008 se intensificó el programa de vigilancia con el fin de practicar más eficazmente pruebas de detección en los animales de las poblaciones bovinas consideradas de alto riesgo. Entre las nuevas medidas figuraban la de someter obligatoriamente a prueba a los animales que no pudieran caminar en los mataderos y la de fomentar igualmente la práctica de pruebas en todos los bovinos muertos examinados y registrados en el marco del sistema de seguro de ayuda mutua (ganado muerto). Además, se llevó a cabo una activa búsqueda de todo animal sospechoso de estar clínicamente infectado. Todo ello deparó un total de 426.919 puntos de la OIE en un lapso de siete años consecutivos, hasta finales de octubre de 2009, tras lo cual se solicitó y logró en 2010 que la OIE declarara a la República de Corea país "de riesgo controlado" de EEB, conforme al Artículo 11.5 del Código Sanitario para los Animales Terrestres de la OIE.
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